Transmission model
The conceptual structure of the models are shown in figure 1 and equations 1-4. Model parameters are described in table 1. We use absolute numbers of infected (and uninfected) individuals in our current framework, since the area occupied by the vector population is less likely to be constant [2] . ν h ρ h
As described in the main text, we can represent this simple epidemiological system in matrix form as follows:
Here, the term on the left side of the equation describes the derivative of the number of infected hosts and vectors; the first term on the right side of the equation is the Jacobian matrix, which describing the relative changes in the numbers of infected individuals in each group as the number in the other groups are changed; and the second term on the right describes the number of infected individuals in each group at the timepoint in question. If we assume exponential growth, this system can be solved analytically to give the following:
Here, C 1 and C 2 are constants, λ 1 and λ 2 are eigenvalues, and ν 1 and ν 2 are the associated eigenvectors (each of length 2: individual entries are labelled here with the subscripts h and v). The largest eigenvalue (λ 1 ) will generally reflect the exponential growth rate (r) for the system as a whole, and the number of infected individuals in either group at any time point (t) can therefore be approximated as: 
Taking each group separately, we can adjust this to describe the prevalence in each group of interest by dividing by the total population size ρ i :
We can assess the relationship between the prevalence in vectors and the prevalence in hosts as exponential growth proceeds by taking the ratio of equa-tions 9 and 8. Doing this, we obtain a central component of our framework: the ratio (
Estimating transmission parameters and R0
A major challenge when developing dynamic models is characterising the association between the population density and the rate of transmission (β) between individuals. In order to describe this association, the terms 'frequency dependent' and 'density dependent' are commonly used [2] (although it is likely that these just represent two extremities of a spectrum of transmission patterns, with the 'true' situation in most cases lying somewhere inbetween [3, 6] ). Vector-borne pathogens are commonly assumed to follow 'frequency-dependent' transmission, whereby the rate of contact (and therefore transmission) does not increase as the population size increases, since many vectors will actively seek out their hosts [7, 1] . In our model, we do not adopt either of the formulations described by Begon and others [2] , but estimate the rate of transmission using the approach described by Jeger and others [4, 5] , in which the rate of contact increases according to the relative numbers of vectors per host. This framework allows us to explicitly model the contact rate between hosts and vectors according to the total number of visits each vector makes to hosts per day (φ). When divided by the total number of hosts (ρ h ), this gives an estimate of the proportion of hosts visited by a single vector per day:
. The probability that this contact is infectious can be estimated as the product of the daily rate of inoculation (host infection, b h ) or acquisition (vector infection, b v ), and the duration of feeding per visit (in days) (T ). As described by Madden and others [5] , in order to prevent unreasonable estimates, this rate can be converted to a probability using the zeroth term of the Poisson: (1−exp (b h T )) for inoculation, or (1 − exp (b v T )) for acquisition. The product of this estimate and the contact rate gives an estimate of the probability of infectious contact (given that one party is infectious and the other is susceptible), β:
Since these β parameters have units of 'infections per host per vector per day', we can estimate the number of vectors which acquire infection as the product of equation 11, the number of infected hosts, and the number of susceptible vectors. Similarly, the number of hosts which become inoculated can be estimated as the product of equation 12, the number of susceptible hosts, and the number of infected vectors. As β hv and β vh increase as the number of vectors per host increases, the relative numbers of hosts and vectors in the model has a considerable effect on the rate of transmission and therefore the model output.
Although the selection of the host population size (being constrained within a fixed area) can be achieved in a relatively arbitrary manner, the quantification of the total number of vectors associated with these plants is challenging due to overdispersion (vectors may be aggregated on individual hosts); seasonality (vector abundance is likely to vary seasonally); and a general lack of data (estimating absolute vector densities can be very challenging). As a result, we calculated the relative numbers of vectors per host according to a predetermined estimate of the basic reproduction number (R 0 ).
We can estimate R 0 for the system as follows:
Heuristically, this can be interpreted as the product of the total number of hosts infected by single vector over its infective lifespan (first term in parentheses), and the total number of vectors infected by a single host over its infective lifespan (second term in parentheses). We can reformulate this equation in order to estimate the required number of vectors (given that the number of hosts is known) for any specified R 0 :
